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This essay reports on the fabrication and characterization of a simplified multilayer 
biosensor with conductive polythiophene derivative polymer (PT-COOH) on myelin basic protein 
detection. The topic is worth investigation due to the increasing interest and clinical need for label-
free real-time protein detection in the healthcare and medical diagnosis area. The first objective of 
this work is to fabricate a stable biosensor platform that allows the reaction and crosslinking of the 
myelin basic protein (MBP) and its antibody (anti-MBP) on the polymer film. A second objective 
is to investigate the connection between the surface zeta potential of the biosensor and the 
existence of the myelin basic protein in an aqueous environment. The goal is to relate the surface 
zeta potential change as a sign for the myelin basic protein detection.  
To improve the water stability of the polythiophene derivative polymer film, we 
functionalized the glass substrate with (3-Aminopropyl) triethoxysilane (APTES) silanization for 
1 hour before spin-coating the polymer solution on the substrate. The advancing contact angles 
and surface zeta potential for the PT-COOH film remain the same after water immersion for 12 
hours.  
For the surface zeta potential characterization, the biosensor samples were measured at 
each of the four stages: (1) PT-COOH film; (2) PT-COOH + Anti-MBP; (3) PT-COOH + Anti-
MBP + BSA; (4) PT-COOH + Anti-MBP + BSA + MBP. The result values show a significant 
change of surface zeta potential after crosslinking the anti-MBP on the PT-COOH film, indicating 
the effectiveness of the crosslinking between the PT-COOH and anti-MBP. However, a medium 
signal change is observed after binding the MBP to the biosensor with anti-MBP. It remains 
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controversial to take the medium signal change as an effective sign of the detection of myelin basic 
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Over the past decades, the interest and need for label-free, real-time, low-cost and reliable 
biosensors continues to rise, especially in the healthcare and medical diagnosis area1. Among many 
kinds of sensors, biosensors that can directly transduce a biological reaction or binding process 
into an electronic signal in a label-free manner are much more convenient and straightforward in 
digital readout and data processing2. As one of the most popular sensor platforms, organic thin 
film transistors (OTFTs) have gained considerable attention in the last two decades with 
advantages in biocompatibility, low power consumption and real-time detection. A wide range of 
analytes such as gases (NH3, N2, O3, and ethylene), explosive chemical (DNT and TNT) and many 
biomolecules (DNA, protein, and glucose) could be detected by OTFTs sensor3-6. By introducing 
a specific detection layer on the OTFT surfaces, analytes can be identified after binding or reacting 
with the biosensor. Many non-molecular materials such as silicon nanowires7,8,17, carbon 
nanotubes9,10,11,15 and graphene12 are used and the limitations on these approaches can include their 
cost and relatively arduous fabrication procedure.  
As an alternative to the conventional inorganic-based devices, organic polymer materials 
provide a unique combination of electronic, chemical, and mechanical properties which have 
promising application on the biosensor18,19,20,21. Hadayat et al. built Pentacene-based organic thin-
film transistors that exhibit fast label-free real-time detection of nanoscale biomolecules with a 
high affinity constant at pH 7 and a high degree of discrimination in the hybrid anti-BSA charges13. 
Magliulo et al. built poly(3-hexylthiophene-2,5-diyl) (P3HT) based organic field-effect transistor 
sensors with supported biotinylated phospholipid bilayer and created a general platform for 
EGOFET biosensing demonstrating that proper bio-functionalization can lead to stable and reliable 
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label-free electronic sensing in aqueous solution14. Implementation of polymers with polar 
functional group moieties such as carboxylic groups can help control selectivity and enhance 
sensitivity of the OTFT sensors. For example, Dong et al. enhanced the sensor response for 
individual detection towards CO and NH3 gases by functionalizing single-walled carbon nanotubes 
with carboxylic groups15. Yang et al. built a thin-film field-effect transistor-based sensor for 
ammonia and other amines with remarkable high sensitivity and satisfactory selectivity by 
introducing carboxylic acid groups in dipyrrolopyrrole (DPP) – bithiophene conjugated OTFT 
polymers16. 
Myelin Basic Protein (MBP) is the second most abundant myelin protein and comprises 
the myelin sheath which is necessary for the normal activity of the nerve system. MBP 
concentration can increase in serum in response to central nervous system injury or disorder such 
as multiple sclerosis22-25. At present, there is a clinical need to detect MBP in serum accurately in 
real time for central nerve system injury diagnose.  
In this work, we build simplified organic thin-film transistor biosensor using a conductive 
polymer Poly [3-(3-carboxypropyl)thiophene-2,5-diyl] regioregular (PT-COOH) to detect Myelin 
Basic Protein (MBP). As shown in Figure 1, the structure of the simplified biosensor consists of 
three layers: silica slide substrate, a receptor layer of PT-COOH and an immobilized layer of anti-
Myelin Basic Protein antibody (Anti-MBP). After adding MBP protein solution on top of the 
biosensor, a specific binding between Anti-MBP and MBP would occur. In order to quantify the 
surface electrical property before and after anti-MBP and MBP binding on the device, we measure 
the surface zeta potential using dynamic light scattering (DLS) technique.  
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2.1 Mechanism and calculation of surface zeta potential 
The majority of particle and solid surfaces in aqueous systems are always charged, no 
matter positively or negatively. Regardless of their charges, the surface charge of particle and 
solid surface would be neutralized by an adjacent ions layer in the aqueous solution with 
opposite charge to the surface. Figure 2 is a brief schematic of the electrical diffuse double layer 
structure in the Gouy-Chapman double layer model. At equilibrium, a balance would be 
established between the surface charge and the counterions closed to the surface. The 
counterions structure could be divided into two layers: the inner Stern layer where counterions 
closely adsorb to the surface and the diffuse layer where the concentration of counterions 
decreases against distance to the surface34,35. The combination of the surface charge and the 
counterions would produce a variation of the potential in the solution, ψ(x), which changes from 
the surface potential ψ0 to zero at a far distance away from surface
36. 
 
Figure 2. The Gouy-Chapman diffuse double layer model. 
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We follow closely the approach from Berg’s An Introduction to interface & colloids: the 
bridge to nanoscience34 and Hunter’s Zeta potential in colloid science: principle and 
applications35.  
Poisson’s equation is used to describe the potential profile in the diffuse part of the 





where ψ is the local potential, ε is the relatively permittivity of the medium, ε0 is the 
permittivity of free space, ρe is the space charge density. 
 
 
Figure 3. Force diagram of electro-osmotic flow. 
 
The electro-osmosis process would occur when an electrical field applied parallel to the 
charged surface. Assuming a negatively charged surface, there will be the movement of positively 
charged counterions in the adjacent liquid towards cathode of the applied field, which will draw 
the liquid along with them. Hence, an electro-osmotic fluid flow would show up near the charged 
surface. A force balance could be drawn on a thin control volume in the electro-osmotic flow as 
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shown in figure 3. Two forces are in balance in the steady state: electrical stresses Fel and viscous 
resistance Fres.  
The electrical force is due to the applied electric field on the net positive charge within the 
control volume: 
𝐹𝑒𝑙 = 𝑞𝐸𝑥 = 𝜌𝑒𝑑𝑉𝐸𝑥 (2) 
where 𝑑𝑉 = 𝐴𝑑𝑦 is the volume value of the control volume, 𝜌𝑒 is the charge density, 𝐸𝑥 
is the imposed electric field. 




) 𝐴𝑑𝑦𝐸𝑥 (3) 
the resisting counter force in the x direction comes from the viscous resistance: 









where 𝜇 is the fluid viscosity.   













Here equation (7) can be integrated twice with the following boundary conditions:  
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when y → 0 (the “slip plane”), 𝑉𝑥 = 0
 





Equation (8) gives the relationship between the surface zeta potential 𝜁 and electro-osmotic 
fluid velocity 𝑉𝑒 and it is the basic of the surface zeta potential measurement technique. Here the 
negative sign in the equation (8) indicates that when the surface zeta potential 𝜁  is negative 
(negatively charged surface with positive counterions in the double layer), then the 𝑉𝑥 is positive 
and the liquid flow is moving towards the negative electrode. 
Note that no special assumptions are made about the potential distribution in the electrical 
diffuse double layer and the integration is carried out from the bulk solution to the slip plane. 
Therefore, the details of the potential distribution between the solid surface and the slip plane have 
nothing to do with the result.  
 
 
Figure 4. Schematic diagram of the elecroosmotic flow geometry 
 
Now with equation (8), the surface zeta potential 𝜁 could be easily converted once knowing 
the fluid velocity 𝑉𝑒. Figure 4 shows the electroosmotic flow geometry of a single charged surface 
in an electrolyte with an external applied electric field. The surface zeta potential in the electrolyte, 
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the applied electric field and the presence of hydrated ionic species within the electrolyte cause 
electroosmotic fluid motion along the surface’s slipping plane26. 
Assuming Stokes flow and zero back-pressure, we have the linearized Navier-Stokes 
equation:  







where v(t, x, y) is the component of the fluid velocity parallel to the boundary, 𝜌 is the fluid density 
and 𝜇 is the fluid viscosity. Because there is no flow perpendicular to the boundary, velocity v is 
not a function of x and the equation (9) could simplify to: 







 . Combined with the initial condition v(0,y)=0, boundary condition v(t,0)=Ve where 
Ve is the fluid velocity at the boundary, homogeneous initial conditions and Dirichlet boundary 
conditions on the half line (0, ∞) and a Green function solution, equation (10) could be expressed 
in closed form as follows: 










This has the following closed form solution: 




where erf is the error function. For water at 25℃, the term in square brackets in equation (12) 
disappears at y ≥ 750um for t ≥ 75ms or y ≥ 1.5mm for t ≥ 300ms. Therefore, as shown in figure 
5, a fit of equation (12) to measurements of 𝑣𝑖(𝑦𝑖) at various points 𝑦𝑖 can then be extrapolated to 
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the y-axis intercept to yield 𝑉𝑒 , which can be used to calculate the surface zeta potential 𝜁 by 
equation (8). 
 
Figure 5. A typical measurement plot of particle average zeta potential against displacement from 
surface. 
 
2.2 Anti-Myelin Basic Protein (MBP) antibody binding 
chemistry 
Few chemical groups are able to create effective conjugation between carboxylic acids 
group (-COOH) and biomolecules like proteins. While carbodiimide compounds provide the most 
popular and versatile method for crosslinking to carboxylic acids. The most commonly used one 
is the water-soluble EDC (1-ethyl-3-(-3-dimethylaminopropyl) carbodiimide hydrochloride) for 
aqueous crosslinking. Also, NHS (N-hydroxysuccinimide) is often included in the EDC 
crosslinking protocols, which could improve the reaction efficiency and create dry-stable (amine-
reactive) intermediates.  
EDC/NHS chemistry is well-established in organic and bioconjugate chemistry and is 
applicable for both solution and solid surface27. Figure 6 is the EDC/NHS crosslinking reaction 
scheme. The crosslinking agent EDC used to couple carboxylic groups to primary amines via the 
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formation of amine-reactive NHS-esters. EDC firstly react with carboxylic acid group to form an 
active but water-unstable O-acylisourea intermediate. When this intermediate doesn’t meet an 
amine, it will hydrolyze and regenerate the carboxylic group and lower the crosslinking efficiency. 
In the presence of NHS, EDC couples NHS to carboxylic acid group and form an NHS ester that 
considerably more stable in the solution, allowing for better conjugation to the antibody itself28.  
 
Figure 6. Reaction scheme of EDC/NHS crosslinking chemistry27. 
 
2.3 Functionalization of silica surface with liquid phase 
APTES silanization 
The water stability of PT-COOH film is the prerequisites of the following crosslinking 
between polymer film and anti-MBP. However, the binding between PT-COOH film and bare 
silica surface is too weak to ensure its water stability. The film would fall off from the silica surface 
and stop remain intact. Hence it is essential to functionalize the silica surface with aminosilanes in 
solution phase and provide extra binding between the polymer and the surface.  
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(3-Aminopropyl)triethoxysilane (APTES) is an aminosilane frequently used in the process 
of silanization and could be used to functionalize silica surfaces29,30. As shown in figure 7, by 
applying APTES on the silica surface, bonding between APTES molecules and silicon oxide 
substrates occurs, which would introduce amine group (-NH2) on the silica surface. After the 
solution phase silanization, the polymer film has significantly improvement in the water stability 
and would not fall off from the silica surface even after immersing in water over 48 hours.  
 
Figure 7. Different types of interactions between APTES molecules and silicon dioxide substrates: 
(a) a covalently attached APTES molecule with its amine group extending away from the interface, 
(b) a covalently attached APTES molecule with its amine group interacting with a surface silanol 





3.1 Materials, chemicals, equipment and instruments 
Table 1. Materials, chemicals equipment and instruments applied in the experiments 
Chemicals and materials Distributor  
(3-Aminopropyl)triethoxysilane (APTES) Sigma-Aldrich  
N,N-Dimethylformamide (DMF) Sigma-Aldrich  
Sulfuric acid (98%) J.T.Baker from Avantor  
Hydrogen peroxide Fisher scientific 
Toluene Fisher scientific 
Anhydrous toluene Sigma-Aldrich 




Phosphate buffered saline (PBS) Sigma-Aldrich 
N-Hydroxysuccinimide (NHS) Sigma-Aldrich 
1-ethyl-3-(-3-dimethylaminopropyl) 
carbodiimide hydrochloride (EDC) 
Sigma-Aldrich 
Anti-Myelin Basic Protein (MBP) antibody Sigma-Aldrich 
Myelin Basic Protein (MBP) Sigma-Aldrich 
Bovine Serum Albumin Sigma-Aldrich 
FITC conjugated Anti-MBP antibody Biorbyt 
Microscope slides (25x75x1.0mm) Fisher scientific 
Equipment and instruments Brand 
Zetasizer Nano ZS  Malvern Panalytical (UK) 
Surface zeta potential accessory (ZEN1020) Malvern Panalytical (UK) 
 
13 
3.2 Preparation of simplified biosensor samples 
3.2.1 Glass substrate preparation 
Step 1: Cleaning. 7mm x 4mm glass slides and petri dishes are cleaned in Piranha solution 
(98% sulfuric acid: 30% hydrogen peroxide = 4:1) for over an hour, then wash them clean with 
deionized water and blow dry them with nitrogen gas. Leave the clean slides and dishes in the 
laminar flow hood to avoid dust. 
Step 2: O2 plasma treatment. Put the clean glass slides into the plasma device chamber, 
follow the O2 plasma treatment procedures and treat the slides for 2 min. 
Step 3: APTES silanization. Immerse the clean glass slides into the anhydrous 
toluene/APTES solution (50ml/ml) and react for 1hour in the desiccator. Then rinse them twice 
with toluene, ethanol and deionized water. Bake and dry the slides in the oven at 110℃ for 15 
minutes. 
3.2.2 Preparation of the PT-COOH/DMF solution 
Step 1: PT-COOH powder is weighed in the electronic scales and put into two vials. 
Dimethylformamide (DMF) is added into each vial using 1000ul pipette. The concentration ratio 
of PT-COOH and DMF is 20mg/ml.  
Step 2: To better disperse the PT-COOH particle, the vial should be under sonication for 5 
minutes. There should still be a lot of particles visible to the naked eye after sonication. 
Step 3: Vials of PT-COOH/DMF solution are heated on the heat plate at 130 ℃ for 15 min. 
The solution should be more viscid after heating. 
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Step 4: The PT-COOH & DMF solution in the new vial is filtered through a 0.20um PTFE 
filter. The solution will lose a few of its value after filtering and should be put into a new vial. 
3.2.3 Preparation of the PT-COOH samples by spin-coating 
Step 1: Attach the APTES/glass substrate on another glass substrate with a piece of double-
sided tape. 
Step 2: Apply 10ul of PT-COOH/DMF solution on each APTES/glass substrate and spin-
coat at 3000RPM for 30s.  
Step 3: Bake the samples on the heat plate at 90℃ overnight to remove the residual solvent. 
3.2.4 Activation of the PT-COOH surface with EDC/NHS/deionized 
water solution 
Step 1: EDC/NHS/DI water solution preparation: dissolve EDC in DI water and then add 
NHS into EDC/DI water solution. The concentration ratio of EDC/DI water is 10mg/ml, of 
NHS/DI water is 3mg/ml.  
Step 2: Apply 10ul of EDC/NHS/DI water solution on each sample and react at room 
temperature for 30 minutes. Then wash them carefully with deionized water for five times to 
remove the excess EDC/NHS solution and blow dry the surface with nitrogen gas. 
3.2.5 Antibody immobilization on the PT-COOH surface 
Step 1: Apply 10μl of anti-Myelin Basic Protein (Anti-MBP, 100 μg/ml in 1xPBS) solution 
on sample surface for 3 hours in a humid environment. In order to avoid water evaporation and 
antibody contamination, the biosensor samples are stored in a humid petri dishes during the 
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reaction. Then gently wash the samples five times with PBS solution to remove any noncovalently 
bound antibodies on the surface. 
3.2.6 Attachment of protein on the biosensor sample 
Step 1: Add 10ul of bovine serum albumin (BSA, 10mg/ml in 1xPBS) on the anti-MBP 
immobilized surface and wait for half an hour. Then wash them carefully with PBS solution for 
five times to remove the excess BSA. Theoretically, the BSA will only attach to the sample surface 
without binding to the anti-MBP.  
Step 2: Apply 10μl of Myelin basic protein (MBP, 10 μg/ml in 1xPBS) solution on sample 
surface for 20 minutes. Then wash five times gently with PBS solution to remove unbinding MBP 
on the surface. Because of the existence of BSA, MBP can only have specific reaction with anti-
MBP without having other noncovalently bound reaction on the surface. 
 
3.3 Surface zeta potential (SZP) measurements 
The 7mm x 4mm biosensor sample are attached to the sample holder with 3M VHB tape 
for the surface zeta potential (SZP) measurement using Malvern Zetasizer NanoZS surface zeta 
potential accessory (ZEN1020). The tracer particles solution is prepared by dispersing 5ul of 
sulfate latex particles in 40ml dilute phosphate buffered saline solution (PBS) at pH 7.4. Sulfate 
latex particles are negatively charged and have a stable zeta potential of -50mV around pH 7.4. 
Each biosensor sample is immersed in the tracer particles solution during the surface zeta potential 
measurement.  
The Zetasizer equipment uses phase light scattering (PALS) technique to obtain the zeta 
16 
potential of the tracer particles at different distances away from the tested sample surface. This 
technique is based on the Doppler effect and dynamic light scattering. In the aqueous solution, the 
charged tracer particles are moving under two effects: electroosmotic flow and electrophoresis 
movement from the applied electronic field. Therefore, the incoming light from the laser will be 
scattered by the moving tracer particles. According to the Doppler effect, the frequency of 
outcoming light would change after scattering. As a result, the frequency of incoming and 
outcoming light is linear to the potential difference between tracer particles and the tested surface26.  
After collecting the apparent tracer particles velocity at different position (125, 250, 375 
and 500um), the software then fits them as a function of distance to a straight line. The intercept 
at zero distance represents the velocity of the tracer particles at the slipping plane of sample surface 
and can be interpret as the contributions of both electroosmotic and electrophoretic effect 
(𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 =  𝑉𝑒𝑝 − 𝑉𝑒𝑜). Here  𝑉𝑒𝑝 is the electrophoretic velocity of tracer particles and can be 
measurement at the distance 1000um away from the sample surface with no electroosmotic flow. 
Hence we could obtain the fluid velocity at the slipping plane of the sample surface 𝑉𝑒𝑜 and convert 
it into surface zeta potential ζ by equation (8). Each measurement is repeated thrice and average 
value is reported along with the standard deviation. 
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4. Results and discussion 
4.1 Water stability of the PT-COOH film 
As is discussed in chapter 3, after spin-coating the PT-COOH layer on top of the glass 
substrate, the samples need to be in touch with several aqueous solution such as EDC/NHS water 
solution, anti-MBP solution and MBP protein solution. Besides, the biosensor samples would 
immerse in the tracer particles solution during the surface zeta potential measurement. Therefore, 
it is essential to make sure that the PT-COOH film has a strong water stability and never comes 
off from the substrate.  
Figure 8 shows the images of PT-COOH film after immersing in deionized water for 12 
hours with and without the APTES silanization on the glass substrate. The PT-COOH film is very 
fragile in water if the glass substrate doesn’t have any APTES silanization treatment. Based on our 
observation, the polymer film would easily break into pieces and come off from the substrate, 
which makes it impossible to bind any anti-MBP on the sample surface. After the glass substrate 
reacts with APTES for an hour, it is obvious that the PT-COOH film could remain stable and intact 






Figure 8. Images of PT-COOH film after immersing in deionized water for 12 hours (1) without 
APTES silanization; (2) with 1h APTES silanization. 
 
 Table 1 shows the advancing contact angles of the PT-COOH film under different 
APTES silanization time. We control the reaction time between glass substrate and APTES to 1 
hour, 3 hours and 6 hours. All the PT-COOH film improve their stability in aqueous solution no 
matter the reaction time. To further study the influence of the silanization time and the water 
immersion on the film, we measure the advancing contact angles of PT-COOH film under 
different reaction time before and after immersing in water for 12 hours. The results show that 
the water immersion doesn’t have an obvious change for the advancing contact angles of the PT-
COOH film with 1h and 3h silanization time. There isn’t a significant difference in the 
advancing contact angles value among samples with different reaction time without water 
immersion. Therefore, one hour APTES reaction time is sufficient enough to meet the needs of 
the water stability improvement of the PT-COOH film. 
 







1h 52.9 ± 3.0 57.9 ± 1.0 
3h 57.3 ± 1.8 55.2 ± 0.7 
6h 54.0 ± 1.4 47 ± 1.1 
 
Table 1. Advancing contact angle for PT-COOH film under different APTES silanization time. 
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4.2 Surface zeta potential of the simplified biosensor at 
different stages 
To investigate the difference of the simplified biosensor at four different stages, we 
measure the surface zeta potential value of the biosensor samples at each stage: (1) PT-COOH 
film; (2) PT-COOH + Anti-MBP; (3) PT-COOH + Anti-MBP + BSA; (4) PT-COOH + Anti-
MBP + BSA + MBP. We measure two to three individual batches of samples at each stages to 
ensure data repeatability. As shown in figure 9 and table 2, surface zeta potential values of 
different samples are plotted with different colors.  
At the initial stage without having any protein or antibody on the surface, the PT-COOH 
film has a surface zeta potential of -76.6 ± 2.2mV. After binding the anti-MBP on the PT-COOH 
film, we observe a clear increasement of surface zeta potential and the result value is -44.1 ± 6.5mV. 
The signal change before and after anti-MBP binding indicates the effectiveness of the crosslinking 
between the PT-COOH and antibody. Bovine serum albumin (BSA) is then applied on the sample 
surface. Theoretically, bovine serum albumin will only attach to the sample surface by electrostatic 
or steric forces without covalently binding to the anti-MBP. Therefore, MBP protein should have 
a specific reaction with the anti-MBP instead of having non-covalently binding to the sample 
surface. The addition of bovine serum albumin doesn’t change the surface zeta potential and the 
value is -43.9 ± 6.0mV. The last stage of the biosensor is to let MBP protein spontaneously react 
with anti-MBP antibody on the surface for 20 minutes. After the binding of MBP protein on the 
sample, the average surface zeta potential slightly decreases to -48.1 ± 3.8mV. A medium change 
of average surface zeta potential is obtained after the binding of MBP protein.  
However, it remains controversial to connect the medium signal change to the effective 
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detection of myelin basic protein. Unlike the significant surface zeta potential change after 
crosslinking the anti-MBP on the film, the signal change from the MBP protein is mediocre. Also, 
the change in average surface zeta potential is within the error of the measurement. Another 
controversy is, the myelin basic protein has an overall positive charge at physiological pH of 7.431, 
so the average surface zeta potential of the sample surface should increase toward positive 
direction after having MBP protein on the biosensor. While the experiment result shows a 
decreasing signal change after the binding of MBP.   
 
 






Anti-MBP + BSA 
PT-COOH + Anti-MBP 
+ BSA + MBP 
Surface zeta 
potential/mV 
-76.6 ± 2.2 -44.1 ± 6.5 -43.9 ± 6.0 -48.1 ± 3.8 
 
Table 2. Summary of surface zeta potential value of the biosensor at different stages 
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4.3 Possible explanations  
To explain the reason of the mediocre signal change by the myelin basic protein, we need 
to look into the details during the surface zeta potential measurement. Figure 10 is the schematic 
diagram of the biosensor during the surface zeta potential measurement. The biosensor is 
immersed in the aqueous tracer solution with negatively charged sulfate latex particles 
everywhere, so it’s possible that the negatively charged tracer particles attach to the positively 
charged myelin basic protein by electrostatic forces and cancel out the signal change of the 
surface brought by the protein. Unfortunately, positively charged tracer particles would have a 
stronger electrostatic interaction with the surface due to the fact that the entire biosensor is 
negatively charged, while neutral tracer particles would aggregate by themselves under the effect 
of Van der Waal attraction force.  
 
Figure 10 Schematic diagram of the biosensor during the surface zeta potential measurement. 
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Another explanation of the mediocre signal difference could be the poor-dispersed and 
insufficient anti-MBP antibody and MBP protein on the biosensor. To have a better 
understanding towards the crosslinking efficiency of the anti-MBP to the PT-COOH film, we 
treat the polymer layers with FITC-labeled anti-MBP and take fluorescence images. The results 
are shown in figure 11. According to the bare glass sample picture, there is hardly any antibody 
immobilized on the substrate, indicating low nonspecific binding. After FITC labeled anti-MBP 
is applied to PT-COOH film layer, visible fluorescence is observed. However, the intensity of 
the fluorescence for PT-COOH sample is medium. Fluorescence quenching of functionalized 
polythiophenes could be the reason for the medium fluorescence intensity32. 
The fluorescence image for the PT-COOH film could indicate the poor-dispersed anti-
MBP on the biosensor. The crosslinking of the anti-MBP on the PT-COOH film has a significant 
effect on the surface zeta potential change, but the dispersion of the anti-MBP plays an important 
role in the following MBP protein binding. As shown in figure 12, insufficient and poor-
dispersed anti-MBP on the biosensor surface could weaken the binding between anti-MBP and 
MBP protein, hence minimizing the impact of the MBP on the surface zeta potential of the 
biosensor.  
 









This work mainly focused on the fabrication and surface zeta potential characterization of 
the multilayer biosensor with polythiophene derivative polymer (PT-COOH). We measured the 
surface zeta potential change of the biosensor after binding with anti-myelin basic protein 
antibody (anti-MBP) and myelin basic protein (MBP). The goal is to relate the surface zeta 
potential change as a sign for the myelin basic protein detection.  
A stable polymer film platform is the prerequisite for the following anti-MBP and MBP 
binding reaction on the biosensor. The PT-COOH polymer film is extremely fragile in aqueous 
solution when spin-coating on the bare glass substrate. Functionalization of glass substrate with 1 
hour liquid phase APTES silanization has proved to be an effective method to improve the water 
stability of the PT-COOH film. The water immersion has little influence on the advancing 
contact angles and surface zeta potential of the polymer film with silanization treatment. 
Surface zeta potential (SZP) for each layer of the biosensor was measured. After the anti-
MBP binding to the PT-COOH film, we observed an significant change in the surface zeta 
potential value, indicating the effective crosslinking between the antibody and the polymer. The 
biosensor has a clear response towards the anti-MBP binding. Based on the biosensor with anti-
MBP, bovine serum albumin (BSA) and myelin basic protein were added on the biosensor 
surface individually. However, there was only a medium change of the surface zeta potential for 
the BSA samples and the MBP samples comparing to the anti-MBP samples. It remains 
controversial to take the medium signal change as an effective sign of the detection of myelin 
basic protein. 
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There are two explanation of the unsatisfied surface zeta potential change for the MBP 
samples. Firstly, the myelin basic protein has an overall positive charge at physiological pH. 
During the surface zeta potential measurements, the negatively charged sulfate latex particles 
could stick on the MBP protein under the electrostatic force, which cancel out the signal change 
of the surface brought by the MBP protein. Another explanation of the mediocre signal 
difference could be the distribution of anti-MBP antibody and MBP protein on the biosensor. 
The mediocre fluorescence intensity of the FITC labeled anti-MBP antibody on the PT-COOH 
film indicated a poor-dispersed and insufficient amount of anti-MBP on the biosensor, which 
weakened the binding between anti-MBP and MBP protein and minimized the impact of the 
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